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Abstractstract 
Alkoxy, alkyl,l, and  cyanono derivativesrivatives off poly(p-phenylenevinylene)ly(p-phenyl nevinylene) [PPY] are used  as the  emissive layersrs in light-emittingt-emitting diodesdes 
ILEDs] We  presentsent the  luminescenceinescence efficiencyficiency for theseese solubleluble PPY derivatives,V 
oxy. V] c issivc 
Os] to obtaintain luminescenceinescence from  red  to  blue.. rivatives. 
electroluminescencecomparingparing the  photoluminescencetoluminescence [PL]  yieldslds witht  the  ctro luminescence [EL]  yields.lds. PL  efficiencyficiency increasesreases witht  the  fractiontion off 
non-conjugated-conjugated units.ts. EL  efficiencyficiency dependsends nott onlyly on  the  radiativeiative recombinationombination efficiencyficiency off the  emittingi ting materialterial butt also  on 
carrierrrier transportnsport to  and  withinthin the  material.terial. LEDsEffortsforts to improverove the  efficiencyficiency and  longg term  stabilityility off thesese polymerlymer Os are  
challengedlenged by efficientficient and  balancedlanced carrierrier injection.j ction. 
I.  INTRODUCTIONTRODUCTION 
Thee highh EL  efficiencyficiency observedserved in red  cyano-PPVano- PY 
derivativesrivatives withth high  electronctron affinities[finities[ I] suggestsgests also  the ] 
cyano-PPY derivativesrivatives as candidatesdidates for  efficientficient greenen and  
bluee EL.. WC 
ano-P V 
e reportort the  synthesis,the is, PL  efficiency,ficiency, and  EL  
efficiencyficiency of  greenen and  bluee cyano-PPY derivatives.ivatives.ano-P V 
2. DEVICEVICE FABRICATIONBRICATION 
Figureure I showss the  synthesisthesis off the  cyano-PPYs. Oevicesano-P Vs. D ices 
are preparedpared on  patternedtterned ITO substrates.strates. Polymerlymer layersrs are 
spun-castun-cast from  tolueneluene or  toluene/THFluene/THF solutionslutions containingtaining 
c 0 c 
OS2.0 % polymer.ly er. Thee firstt polymerlymer layerer is a holele transportsport 
layerer consistingnsisting off dialkyl-PPYalkyl-P V whichich is thermallyrmally cross-
0.5- .0 o/ 
s­
linkeded to preventvent it from  dissolvingssolving duringring spin-castingin-casting off the  
cyano-PPV spunxasttop  polymerlymer layer.r. Thee no- PY filmss are  --cast next.t. 
X00,& Indiumium contactsntacts are  depositedposited on  top  by vacuumcuum25 0A 
~xIO-~ yielding activeevaporationaporation at pressuresssures belowlow 2  ICr6 mbarar clding tivc 
2mm alkoxy-deviceice areasas of  4 - 81 2. LEDsOs madee from  the  xy­
PPVs alkyl-PPVsYs [2] and  yl- PYs [3] havee Calciumlcium contactstacts and  no 
holele transportnsport layer.r. 
nitrogentrogen atmosphere.osphere. 
,n 
NCH:C CH;CN OKq$ . 
6 
P, R, = R, =OC,&i,,,:::' 1 :::. O I~Hll 
P, = == C,,H,. R, :::' R,) 11Hll 
P, R = c&y, R* 
All processingce sing stepss are  carriedrried outt in a 
-9
R, 
0 cHo:gg+j$gq” 
Qn 

R, = P..= OCH,
1 :::. R ,::; l
 
R., = R.,:::.= CH J
1 :::.  , 
= OCH, R, = t,p, 9 = 04, 
3. PHOTOLUMINESCENCEOTOLUMIN S NCE SPECTRAECTRA 
Thee PL  spectra, recordedorded usingingctra. a Perkinrkin Elmerl er LS500 
Luminescenceinescence Spectrometer,ctrom ter, appearear in Figureure 2. Althoughthough 
poorr colorlor purityity mightht be  expectedected from  the  broadad emissioni sion 
bands, the  CIE  colorlor coordinatesrdinates (seee Figureure 3) off the  cyano­ds. no-
PPV IhcY derivativesrivatives comparepare favorablyorably withth t e cornersrners off the  
triangulariangular regionion desiredsired for a j-color3-color display.splay. Withith the  
presentsent emissioni sion spectra,ctra, the  requireduired colorlor rangege is almostost 
accessible.essible. 
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Figurere 2. PL  Intensityt nsity off cyano-PPY derivatives.no-P V crivatibeh 
Figureurc I. cyano-PPVderivativesSynthesisthesis off - PY ivatives. 
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Figureure 3. CIE  colorlor coordinatesrdinates off cyano-PPVno- PV derivatives.ivatives. 
4.	 LUMINESCENCEINESCENCE EFFICIENCYFICIENCY 
Forr EL.. externalternal quantumantum efficienciesficiencies in photonsotons perr 
electronctron are  measuredasured withth a calibratedlibrated siliconlicon phototo diode.de. 
Thee slightlyhtly non-Lambertian-Lambertian geometryetry off thee emissionission patternttern 
is correctedrrected by  comparisonparison to  measurementsasurements performedrformed in a 
calibratedlibrated integratingtegrating sphere.ere. 
PL  efficiencics are  recordedorded for  solidlid polymerlymer filmsl s drop­
castst ontoto glassss substates.states. 5 14 
ficiencies 	 p-
Thee nm  and  458  nm  liness off an 
argonon ion  laserr and  the  413  nm  line  off a kryptonpton laserer are  usedd 
as excitationitation sources.rces. Thee luminescenceinescence is  collectedllected withth a 
calibratedlibrated integratingtegrating sphere.here. correctedrrected forr thee spectralectral 
dependenciespendencies off thee luminescence,inescence, the  collectionllection optics,tics, and  
reflectiontlection at the  sampleple surface.face. 
Tablele 1I 
Externalternal EL  efficiencyficiency and  PL  efficiencyficiency of  cyano-PPVno- PV 
derivativesivatives 
[%I PL  Efficiencyficiency [%]IPolymerlymer EL  Efficiencyficiency ]
pI 0.8  14-20  
P1 0.005  12-18i 
P3 0.2 	 26 
Tablesbles 1-3 comparepare thee EL  and  PL  efficienciesficiencies of  thee 
cyano-PPVsano- PVs to thosese off alkoxy-PPVsoxy- PVs [2J and  alkyl-PPVsyl- PVs [3]. 
Thee presenceesence off non-conjugated-conjugated (higherigher bandd gap)) segmentsents 
improvesroves PL  yieldld by  confiningfining the  excitonsitons to the  conjugatedjugated 
segmentsgments off thee chainain and  preventingeventing thee excitonscitons from  
recombiningcombi ing non-radiatively.-radiatively. Similarly,ilarly, thee non-conjugated-conjugated 
segmentsents impedeede electronctron and  holele transportnsport alongng the  chainin 
and, If  the  trendsnds observedserved 
] 131. 
. thereby.reby. impedeede excitoniton formation.ation. 
in  alkoxy-PPVoxy- PV and  alkyl-PPVsyl- PVs applyly alsoo to cyano-PPVs,ano- PVs, 
partialtial conjugationjugation to enhanceance radiativeiative recombinationombination shoulduld 
improverove EL  efficiency.iciency. 
1.0 
Tablele 2 
non-Externalternal EL  efficiencyficiency and  PL  efficiencyficiency as a functionction off ­
conjugatedjugated fractionction forr dialkoxy-PPV.lkoxy- PV. 
[%I PL  Efficiencyficiency [%?&IINon-Conjugated-Conjugated EL  Efficiencyficiency ] 
[oilFractionction %J 
<s 	 78-13. 35 0.26-0.61- .61 
6.5 0.34-0.50-0.50 14 
8X 1.0-1.4I l  14 
15I.5 0.71-0.84-0.84 19.6 
31.5 0.26-0.3 I 23.67  - .31
Tablele 3 
non-Externalternal EL  efficiencyficiency and  PL  efficiencyficiency as a functionction off ­
conjugatedjugated fractiontion for  dialkyl-PPY.lkyl-P V. 
[%,I PL  Efficiencyficiency [%]INon-Conjugated-Conjugated EL  Efficiencyficiency °lc, 1 
Fractionction [%]I  
5 0.21 47 
IS 0.17 5515 D.
45 D.D70 0  63 
5.	 CONCLUSIONNCLUSION 
Thee widee discrepancyscrepancy betweentw en the  PL  efficiencyficiency and  the  
EL  in  theseese PPV thattefficiencyficiency Y derivativesrivatives indicatesdicates 
optimizingtimizing carrierrrier injection,jection, chargearge transport,ansport, radiativeiative 
efficiencyficiency and  devicevice geometryometry can  leadad to  furtherrther 
improvementsrovements in  deviceice performance.rformance. 
REFERENCESFERENCES 
1. Greenham, S.C. Bradley,N.C.. enham. .c  Moratti,ra ti, D.D.C.. . dlcy, 
R.H.. Friend,iend, and  A.B.. Holmes,l es, Natureture 365  (1993)) 628.  
2.	 D. Braun, E.G.J..J. Staring,ring, R.CJ.E. Demandt.andt.n. . . .E. 
G.L.J..J. Rikken,en, Y.A.R.R..R.R. Kessener,ssener, A.HJ. Venhuizen.. . . huizen, 
and  M. Bouwmans, Synth.th. Met.t. 66  (1994)) 75.mans. 
E.GJ. Staring,ring, R.CJ.E. Demandt,andt, D. Braun.3.	 . . . . . .E. un, 
G.L.J..J. Rikken,en, Y.A.R.R.. .R. Kessener.ssener. A.H.J..J. Venhuizen,huizen, 
K.J.H. Wynberg,berg, W.  ten  Hoeve.ve. and   Spoelstra.elstra. Adv.. 
Mater.t r. submittedi ted (1994).4). 
